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(57) Abstract 

A method of synthesising nucleic acid by a polymerase chain reaction 
carried out on a series of overlapping primers which span the entire length of 
the nucleic acid to be synthesised, comprising two 5'-end outermost primers 
and inner primers therebetween, each of the outermost primers being present 
initially in a sufficient excess over each of the inner primers to select for 
chain-extension of the outermost primers and their chain-extension products, 
over inner primers and then chain-extension products, characterised in that 
at least 6 primers are used; and the reaction is carried out continuously, 
without any intermediate step of separating nucleic acid molecules of shorter 
length than required for the total synthesis by PCR of substantially the full 
length nucleic acid. 
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IMPROVEMENTS IN NUCLEIC ACID SYNTHESIS BY PCR 

Background of the .m, 0fmn 

5 technology and more particularly relet.! ^ «,. ..i 
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of 12-17 bp., and are used to make ds DNA 220 bp. long. The 
authors also suggest using four 100-mers with 15 bp overlaps to 
produce ds DNA of 255 bp. They further suggest that to 
construct a longer synthetic gene two 355-mers overlapping by 15 
5 bp should be made in separate reactions and then subjected to a 
fresh PCR to yield a 695-mer. 

The Sandhu fit £l. method requires neither phosphorylation 
nor ligation and is relatively cheap as only oligonucleotides 
presenting the partial sequence of each strand need to be 

10 chemically synthesised, as in the •DNA-polymerase filling-in 1 
method. However, it is a problem that the Sandhu £± method 
has a practical upper limit of about 355 bp for the DNA to be 
synthesised, this upper limit being dictated (a) by the fact that 
It 1s at present difficult to synthesise oligonucleotides of 

15 lengths exceeding 100 bases in reasonable yield and <b> by the 
need for 15 bp of overlap [(4 x 100) - (3 x 15) - 3553 between 
each of the four oligonucleotides employed. While longer genes 
could be synthesised, this requires a second reaction. 
Summary of the invention 

20 It has now been found that Sandhu si &!• method can be 

improved to enable longer nucleic acid molecules to be 
synthesised more easily. According to the present Invention, the 
Sandhu et aV. method is varied and improved by using at least 6 
overlapping starting nucleic acid molecules, each of which can 

25 correspond to either strand of the nucleic acid molecule to be 
synthesised, and by carrying out the reaction continuously, 
without any intermediate step of separating nucleic acid 
molecules of shorter lengths than required for the total 
synthesis by PCR of substantially the full length nucleic acid. 

30 Preferably the full length nucleic acid thus synthesised exceeds 
400, most preferably exceeds 500 bases or base-pairs L in length. 

In the following description, the starting nucleic acid 
molecules will be referred to as primers. Ordinarily they are 
oligonucleotides, a term which signifies tnat they are of 

35 relatively short length, for example less than 120 bases long, 
compared with the length of nucleic acid to be synthesised. 
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The primers are mixed and subjected to PCR, so that their 
3'-ends are extended to give longer double-stranded products. 
This is repeated for the double-stranded products until the 
full-sized nucleic add Is obtained. The full-length product is 
5 subsequently amplified by the 5'-end outermost oligonucleotides 
of each strand, which are present at a higher concentration than 
the inner ones and act as primers for the amplification. 
Rrief fl r rrintion of th» drawings 

Fig.1 Is a schematic diagram of an embodiment of the method 
10 of the invention, explaining the chain-extension occurring; 

Fig. 2 shows the oligonucleotides used in the synthesis of 
522 bp long DNA encoding the lysozyme gene; 

Fig. 3 Is a photograph of a stained agarose gel showing that 
a full length gene of correct relative molecular mass has been 
15 synthesised by the method of the Invention; 

Fig. 4 is a schematic diagram which shows an embodiment of 
the invention in which the method 1s applied to plasmld DNA, 
enabling a gene to be synthesised directly Into a plasmid. 

F1g. 5 Is a schematic diagram similar to that of Fig. 1, but 
20 showing another embodlmentof the method of the invention using a 
different arrangement of primers; and 

Fig. 6 Is another schematic diagram, in briefer form, 
showing a further arrangement of primers. 
npsrrlntlon of the pref er*"* pmhodlmehts 
25 A summary of particularly preferred features of the 

invention can be found In claims 2 onwards, the text of which 
should be regarded as part of the description also. 

In the ordinary application of the Invention the nucleic 
acid to be synthesised will be ONA and most usually a gene, i.e. 
30 a length of nucleic acid which comprises a region coding for a 
protein, preferably together with any associated sequences 
required or preferred for control of or aiding transcription or 
expression, e.g. a promoter region. However, the function of the 
nucleic add to be synthesised is immaterial to the Invention. 
35 It could be used, for example, to synthesise the intron ONA of a 
genome, which may be useful 1n gene therapy. 
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There are no lower limits- or known upper limits on the 
lengths of the nucleic acid to be synthesised. However, it is 
intended that the invention should be applied mainly to be 
synthesis of long lengths, e.g. exceeding 400, preferably 

5 exceeding 500 bases or base-pairs, since it is in such a context 
that its advantages are best employed. It will readily be 
possible to synthesise DNA of up to 1 kb(p) and even longer e.g. 
2 or 5 kb<p>. The upper limit will be dictated currently only by 
deviations of the conventional PCR technology from perfection, 

10 but currently would be unlikely to exceed 10 6 kb(p). 

The Initial product of the PCR method of invention is 
double-stranded nucleic acid, but if desired this could be made 
single-stranded (subject always to stability, avoiding looping 
back on itself etc.). 

15 Primers will normally be oligonucleotides, which will rarely 

exceed 100 bases in length. The 5'-end outermost primers can be 
provided by double-stranded nucleic add having a protruding 
"sticky end" of single-stranded nucleic acid which has a 
3'-terminus free. This single-stranded-nucleic acid serves as 

20 the primer, whereby the chain-extended molecule will contain the 
double-stranded-nucleic add. This embodiment is Illustrated 
later by reference to Fig. 4. 

Although the invention is mainly of Interest for PCR using 
wholly DNA primer and a DNA polymerase for chain extension, it is 

25 possible to apply it to reverse transcriptase PCT (RT-PCR), using 
mixed RNA and DNA primers, the outermost primers being c* DNA, or 
even to wholly RNA primers using an RNA polymerase. 

The operation of the invention is most easily seen from the 
simplified diagram of Fig. 1. The figure shows six stages of one. 

30 embodiment of the method, although these divisions are curely 
notional since synthesis is continuous, "in one pot". The first 
stage is the beginning of a reaction involving 10 overisoping 
oligonucleotides. The products at stage 2 have undergone one 
cycle, in which, for example, the left-hand, ! .nner 

35 oligonucleotide marked "8" is extended from its 3 '-end using the 
5'-end outermost oligonucleotide "A" as template and likewise "A" 
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is extended from its 3'-end using the inner oligonucleotide "B" 
as template. A hybrid (AB) is thus formed and separated into two 
complementary strands (AB 1 , AB 2 ). Other hybrids (CD etc.) are 
also formed and, after the denaturing step, separated into single 
5 strands (CD 1 , CD 2 etc.), along all the length of the nucleic acid 
to be synthesised. Because the 5'-end outermost oligonucleotides 
(A, J) are in great excess over the inner oligonucleotides (B to 
I), the next cycle will result in increased amounts of AB hybrid, 
since primer A will be extended along the length of AB 2 

10 preferentially to primer C being extended along the length of CD 2 
and so on. (This preponderance is not-shown in Figure 1). The 
nucleic add synthesis proceeds 1n each cycle as shown until 
finally full length DNA is produced. This full length nucleic 
add will also be amplified preferentially to any shorter nucleic 

15 acid requiring priming from an inner primer and so the process is 
self-selective for the full length product. Of course, the 
scheme shown in Fig. 1 is arbitrary in the sense that the 
Intermediate hybrids formed are mixtures of (initially) AB, BC, 
CD, DE, EF, FG, GH, HI and IJ, followed by ABC, BCD, CDE and so 

20 on. 

Complete synthesis of the nucleic acid results from the 
mutual extension of two halves which themselves reTu It from the 
mutual extension of two halves etc. This is functionally 
identical to the technique of recursion in computer programming 

25 and we therefore describe this embodiment as 'Recursive PCR'. 

A sophisticated development of the above embodiment of the 
invention Is shown in Fig. 4. The outermost DNA molecules are 
plasmid DNA which has been cut. For ease of Illustration, the 
outermost (A, J) and inner (B to I) primers are labelled 

30 correspondingly to Fig. 1. A and J are joined together as duplex 
(ds) DNA in the plasmid in the area between two sites, at which 
3* and S'-ends are marked. The 3'-end overlaps and is 
complementary to the 5' -end of B, while the 3' -end of J overlaps 
and is complementary to the 5'-end of I. The resultant full 

35 length molecules will be circular, and capable of transforming 
bacteria without further treatment. 
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It is not necessary that successive innnr „ • 
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The full range of ratios of the 5'-end outermost to inner 
Pnmer$ is not capable definition by sharply defined 
numerical I imits. On the one hand, a high ratio is very 
favourable because it will increase selection for full length 

n tS / nd m ° ,ar rati ° S WUh1n the ^ 50 - 500:1 - drably 
100-500:1, .ill be of particular importance. While higher 

are usable, they will often imply such a low ^ 0 f inner 
Primer that the PGR will not readily proceed. Such a 
consideration win be well understood by those skilled in the 
10 art. on the other hand, a molar excess of (say) only 10 times 
might well not work, depending, however, on the other variables 
such as lengths of overlaps in the series of primers, lengths of 
gaps to be filled in, the number and length of the primers, and 
the proof-reading accuracy ,of the polymerase or other 
chain-extending enzyme employed. 

Successive primers (which mutually serve as -primer and 
template) will normally overlap, generally by a length 
predonnnantly within the range ,5-25 bp, preferably 17-20 bp 
This applies to the starting primers and to primers formed by the 
1M ial hybrids, e.g. KLM' ,„ Figure 5 which prime$ 
n-el.1t acid synthesis on the template provided by 0. Generally 
sta ted. usual -Yules- for arranging priming conditions in the PGR 
apply. One such set of -rules" (for all DMA PGR) 1 S t0 arrange 
for the overlapped region to have a melting temoerature of 
45-720C. preferably 50-60°C. and most preferably 52-56° C 
Melting temperature is roughly calculable by allowing 4 <>c for 
every G-C nalrlng and 2<>C for every A-T pairing in the 
prospective duplex of the "overlapped region". 

Preferably the proportion of G-C pairs in the overlapped 
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35 



region should not exceed 671 (two thirds) and it is preferred 
that it does not exceed 557. with less than 45* even more 
preferred. 

Normally, the series of primers will not be abutting within 
a single prospective strand. That is, there will be gaps to be 
filled In by chain-extension. However, this rule is not critical 
and It is possible to use abutting molecules. Thus, for instance 
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™ Figure ,. instead of pri mers E and G of the first strand, each 
overlapping F of the second strand, P ri me rs EX and G could be 
use instead, where X represents the sequence between the 3--end 
of E and the 5'-end of G in Figure 1. 
5 The lengths of the gaps to be filled in "can be varied 

^ely but assuming arbitrarily a primer length of fro™ 50 to 
100 and an overlap of 17-20 at each end thereof, they would 
-a^ly be in the range 10 to 66. The preferred length o/p^ 
i arbl rary s,nce there is a trade-off between the ease of 
10 oligonucleotide synthesis and the ease of performing this 
reaction, but will usually be in the 50 to 100 range, pi 
predominantly 70 to 90. e'eraoiy 

It is preferred m to use & polymerase as the 

is at ZTT e T ,n the PCR - because there « - 

" T] ° SU ^- Pleading ability which are 
Preferred. They include Vent. Deep Vent and Pfu DNA polymerases. 

pcrs r ,se cond,t,ons are genera,,y 

2 h PnmerS ^ C ° nta1n 3ny Undue -P'-ntarlty 

with other primer s. to avoid unwanted primer-primer 

iTfZT' t0 ^ Synth6SiSed h " ^ tendency 

self-complementar,ty leading to looping, regions with this 
Property should be split across two overlapping primers. 

chain V 9enera '' CyCHng ^mperatures and times in the 
chain- tension, annealing and denaturing steps can be those 
25 conventionally used. It ^preferred to anneal at a temper tu 
not more than , 0 o C below the calculated melting tJZH 

prospect.e duplex. The final chain extension step 
ref rably carried out at elevated temperatures, up to 7 2 *c f 
(say) .0 minutes, to ensure completion of the reaction 

The following Example illustrates the invention 
Example 

MATERIALS AND METHODS 

Ten oligonucleotide primers, representing a synthetic 
human-lysozyme gene sequence were synthesized using e-cyanoethyl 
Phosphoramldlte chemistry and purified on polyacryl amide gels 
British Biotechnology Limited Figure 2 snows these pr1mers V t 
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conventional left to right - 5--end to 3'-end manner. Their 
sequences are shown in SEQ ID NO: 1 to 10 hereinafter. The 
oligonucleotide primers were 54-86 bases long to minimise errors 
and obtain good yields In the chemical synthesis. The overlapping 
regions 17-20 bp in length,, were designed to give melting 
temperatures mainly in the range 52-56°C, but in some instances 
up to 60°C to ensure good primer specificity and a similar degree 
of annealing at all overlaps in the initial cycles of the PCR 
reaction. A computer search of both strands of the entire 
sequence with the sequences of each of the overlap regions showed 
them to be unique and unlikely to give non-specific priming. 
Subsequent insertion of the synthesised gene into expression 
Vect0rs ';_ was fac1 J ,tated by the incorporation in the outermost 
oligonucleotide pTTmers, of an ££fiRl site at the 5' end and a 
15 iJindlll site at the 3' end of the gene. A Shlne-Dalgarno sequence 
and the T0 transcription terminator (from gene JQJ of 
bacteriophage T7> were incorporated into the outermost 5* and 3' 
oligonucleotide primers, respectively, for the efficient 
expression of the gene In Escherichia Iflli. Sequences such as the 
T0 transcription terminator can potentially Inhibit the PCR 
reaction by formation -of strong stem loops. This was prevented by 
incorporating the two halves of the stem loop In separate 
overlapping oligonucleotide primers (see Figure 2). In addition 
to the JtoRl and HiMIII sites, fourteen additional unique 
restriction sites were incorporated into the gene sequence to aid 
subsequent sub-cloning and mutagenesis (see Figure 2). The coding 
region was designed to contain the most frequently used codons 
found 1n highly- expressed genes_ in Sacchar«vr« cerevUiap an 
intended expression host, except where this conflicted with the ■ 
unique restriction sites. As the codon usage of E. ssill is not as 
biased as that of S. cerevlslae. the use of optimal S. cerevi^ao 
codon usage will still allow efficient expression in £. coll . 

The PCR reaction (30 cycles of: 2 min at 95°C, 2 min at 56°C 
and 1 min at 72°C, with a final 10 min at 72°C) was performed in 
35 a Techne PHC-2 thermal cycler. The annealing temperature of 56°C 
was chosen to minimise non-specific priming by the overlapping 
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oligonucleotides, (see above). The reaction contained 20 - 30 
pmoles of the outermost 5' oligonucleotides of each strand, 2 - 
3, 0.2 - 0.3, or 0.02 - 0.03, pinoles of the internal 
oligonucleotides, 10 pi 10 X Vent-buffer, 4 U Vent DNA-polymerase 
5 (New England Biolabs), and 6 pi 100 mM MgS04, in a total reaction 
volume of 100 pi overlaid with 50 pi paraffin oil to prevent 
evaporation. The full-sized PCR product (522 bp) was isolated 
from a 1.5X low-melting-point agarose gel, purified by sequential 
extraction with phenol, phenol /chloroform, chloroform and ether, 

10 ethanol precipitated and finally 200 ng of the purified PCR 
product digested in a total volume of 20 pi containing 1 U ££fiRI, 
1 U Hind HI (Northumbria Biochemical s Ltd.) and 2 pi 10 X buffer. 
The restriction enzymes . were extracted with Strataclene resin 
(Stratagene). The DNA was ethanol-precipitated and ligated to 

15 200 ng of similarly digested phagemid, pGEM3Zf(+) (Promega), in a 
total volume of 20 pi, containing 0.5 U T4 DNA ligase 
(Northumbria Biochemicals Ltd.) and 2 pi 10 X buffer. £. coli 
DH5a was transformed and plated onto LB plates containing 
ampicillin (100 mg/ml), X-gal (20 mg/ml) and IPTG (32 mg/ml). 

20 Double-stranded phagemid was sequenced by the 
dideoxy-chain-termi nation method (Sanger et al., 1977) using 
Sequenase (Tabor and Richardson, 1987). 
RESULTS AND DISCUSSION 

We have used the method of the invention to synthesise a 

25 human lysozyme gene of 522 bp using 10 overlapping 
oligonucleotides in a single reaction. To our knowledge, this is 
the largest double-stranded DNA molecule to be synthesised to 
date, in a single step. 

Figure 3 shows a photograph of a stained agarose gel. Lanes 

30 1-3 correspond to the three molar ratios of 5 : -outermost: inner 
oligonucleotide primers used, i.e. 10:1, 100:1 and 1000:1 lane 4 
shows markers. The lysozyme gene synthesised is arrowed. It is 
likely that the inner oligonucleotide primers, which can only be 
extended in the normal 5* to 3' direction, are inhibitory to the 

35 synthesis of the full-length product (Figure 3, lane 1). However, 
at internal oligonucleotide primer concentrations 100 times lower 
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than that of the outer oligonucleotide primers (2-3 pmoles/jil) 
efficient and selective synthesis of the full-length product is 
obtained (Lane 2). Compare the marker of relative molecular mass 

5 .! 4 ....! > * Se pa1rs in ,ane 4 * At 1nner oligonucleotide primer 
concentrations 1000 times lower than those of the outermost 
oligonucleotide primers, no visible amplification was observed. 
This is ascribed to use of totf small an amount r>f the inner 
oligonucleotide primers (lane 3). 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A) NAME: UNIVERSITY COLLEGE LONDON 

(B) < STREET; Cover Street 
-(C) CITY: London 

(E) COUNTRY: GB 

(P) POSTAL CODE (2IP) : WC1E 6BT 

(A) NAME: PEARL, Laurence Harris 

(B) STREET: 24 Hurst Street, Heme Hill 

(C) CITY: London 

(E) country: United Kingdom 

(F) POSTAL CODE (ZIP) : SE24 OEG 

(A) NAME: PRODROMOU, Chrisostomos 

(B) STREET: 18 Devsgreen, Vanqe 

(C) CITY: Basildon 

(D) STATE: Essex 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE (ZIP) : SS16 4 NT 

(ii) TITLE OF INVENTION: IMPROVEMENTS IN NUCLEIC ACID SYNTHESIS BY PCR 
(iii) NUMBER OF SEQUENCES: 10 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release tl.O, Version /l. 25 (EPO) 

(V) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: WO Not yet assianed 
(vi) PRIOR APPLICATION DATA: assigned 

(A) APPLICATION NUMBER: GB 9224882.2 

(B) FILING DATE: 27-NOV-1992 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: GB 9307132 2 

(B) FILING DATE: 06-APR-1993 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 77 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(iii) HYPOTHETICAL: NO 

(iii) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Oligo primer for synthesis of lysozyme gene 

| (xi) SEQUENCE DESCRIPTION: SEQ ID NO: -Is. 

GCCGGAATTC AAATAATTTG TTTAACTTTA AGGAGATCTA CATATGAAGG TTTTCGAAAG ' 60 
m ATGTGACCTC GCTAGAA ?7 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 81 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

1 (iii) HYPOTHETICAL: NO 

(Iii) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: N-terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Oligo primer for synthesis of lysozyme gene 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CCAAACACAT CCAJTTAGCC AAAGAGATAC CACGGTACCC GTCCATACCC AATCTCTTCA 60 

AGGTTCTAGC GAGCTCACAT C on 

B 1 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic acid 

« (C) STRANDEDNESS : sinoie 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

8 (iii) HYPOTHETICAL: NO 

(iii) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Oligo primer for synthesis of lysozyme gene 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GCTAACTGGA TGTGTTTGGC TAAGTGGGAA TCTGGTTACA ACACTCGAGC TACCAACTAC 
AACGCTGGTG ACAGGTCGAC CGACTA 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 81 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDN ESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Oligo primer for synthesis of lysozyne gene 

(xi) SEQUENCE DESCRIPTION: SEQ }D NO: 4: 
TTAACGGCGC CTGGGGTCTT ACCGTCGTTA CACCAGTATC TAGAATTAAT TTGGAAGATA 
CCGTAGTCGG TCGACCTGTC A 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 68 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iii) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Oligo primer for synthesis of lysozyne gene 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
GACCCCAGGC GCCGTTAACG CTTGTCACTT GTCTTGTTCT GCTTTGCTGC AGGACAACAT 
CGCTGACG 

(2) INFORMATION FOR SEQ ID NO: 6: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 58 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Oligo primer for synthesis of lysozyrae gene 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
CCTTGTGGGT CTCTAACAAC GCGTTTAGCA CAAGCAACAG CGTCAGCGAT GTTGTCCT 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 55 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: oligo primer for synthesis of lysozyme gene 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
TCTTAGAGAC CCACAAGGTA TCAGAGCTTG GGTTGCTTGG AGAAATCGAT GTCAA 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 68 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: Oligo primer for synthesis of lysozyme gene 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
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TCCTTACTAA ACACCACAAC CTTGAACGTA TTGTCTGACG TCTCTGTTTT GACATCGATT 
TCTCCAAG 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
(Vi) ORIGINAL SOURCE: 

(A) ORGANISM: Oligo primer for synthesis of lysozy*e gene 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GTTGTGGTGT TTAGTAAGGA TCCTCTAGAA TAACCCCTTG GGG CCTCTAA ACGGGTCTTG 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(vi) ORIGINAL SOURCE: 

fA) ORGANISM: Oligo primer f or synthesis ef lysozyne ^ 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CCCATGCCGA AGCTTCCTCC ATGGAGCAAA AACCCCTCAA GACCCGTTTA GAGG 
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OAHB 

1. A method of syntheslsing nucleic acid by a polymerase chain 
reaction carried out on a series of overlapping primers which span 
the . entire length of the nucleic acid to be syntheslsed 
5 comprising two 5'-end outermost primers and inner primers 
therebetween, each of the outermost primers being present 
Initially in a sufficient excess over each of the inner primers to 
select for chain-extension of the outermost primers and their 
..iain-extension products. over inner primers and their 
10 chain-extension products, characterised In that: 
at least 6 primers are used; and 
- the reaction is carried out continuously, without any 
intermediate step of separating nucleic acid molecules of shorter 
length than required for the total synthesis by PGR of 
15 substantially the. full length nucleic acid. 

2. A method according to claim 1, characterised in that the 
initial molar ratio of 5" end outermost to inner primers is at 
least 100:1 

3. A method according: to claim 2, characterised in that the 
ratio is from 100:1 to 500:1. 

4. A method according to any preceding claim characterised in 
that nucleic acid of length exceeding 400 bases or base-pairs is 
synthesised. 

5. A method according to claim 4 characterised In that nucleic 
acid of length 500 to 5000 bases or base-pairs is synthesised. 

6. A method according to any preceding claim characterised in 
that the primers are of alternating complementary strands. 

7- A methoo according to any preceding claim, characterised in 
that the primers are wholly of DNA. 
30 8. A method according to claim 7 characterised in that the 
series of primers provides a prospective ds DNA sequence having 
gaps within each prospective strand to be filled in by chain 
extension and in that these gaps are from 10 to 66 bases in length 
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9. A method according to claim 7 or 8, characterised in that all 
the primers are arranged to have or impart an overlap of from 
17-20 bp calculated to Impart a melting temperature to the hybrid 
in the area of overlap of from 50 to 60°C, said melting 

5 temperature being calculated by allowing 4°C for each G-C pairing 
and 2°C for each A-T pairing, provided that G-C pairings do not 
exceed 67X. 

10. A method according to claim 7 t 8, or 9, characterised in that 
it is carried out using a chain-extending enzyme of superior 

10 proof-reading ability to Ian polymerase. 
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